The objective of the work reported in this interim report was twofold. The first was the construction of the liquid transfer station, and the second was the measurement of the dielectric constant parameters of n-heptane and 2-heptanone. In the final design of the waveshaping filter a dilute mixture of these two liquids will be used to form a Debye dielectric solution. n-heptane will be the solvent and 2-heptanone the solute. A Debye dielectric is one in which a small number of polar molecules (solute molecules) immersed in a sea of nonpolar molecules (solvent molecules) are free to rotate in response to an applied alternating electric field.
The dielectric parameters of these two liquids must be known for the modeling of the solution relative dielectric constant versus concentration, temperature, and frequency. In the ealier work of J. R. Andrews (NBS 1977 (NBS -1981 only the relative dielectric constant of n-heptane was measured and had the value of 1.95 at 24.4 C. while that for 2-heptanone was not measured.
This report is divided into five chapters and two appendices in the following manner. 
is the relaxation time of the polar molecules.
In the present case for the dilute mixtures of solute 2-heptanone in the solvent n-heptane the relaxation time 7 is typically 3 to 4 ps. When a coaxial structure 30 cm long is filled with such a liquid solution, the insertion step response will be typically in the range of 25 to 300 ps depending upon the molar concentration of the solute molecules.
Though not shown explicitly in (2.1) the dielectric constant of the solution is dependent upon the dielectric constants of the solvent and the solute which are, in turn, functions of the temperature for both the solvent and the solute, and in addition a function of frequency for the solute. Consequently, the dielectric parameters of the individual liquids must be known in order to make an apriori prediction of the insertion step response of the liquid filled coaxial structure.
In the next chapter experimental results on the measurement of the ltielectric constants of both n-heptane and 2-heptanone will be presented. The quasi-static dielectric constants were measured using capacitance and time domain relfectometry (TDR) measurements. In the capacitance technique the observable parameter is the total capacitance which is comprised of the residual capacitance of (1) the measurement system Cr, (2) the dielectric beads supporting the inner coaxial line conductor Cs, and ( 3 ) the coaxial line section or cell which holds the liquid dielectric solution Cc. See Appendix A2
for a drawing which defines the three capacitances. In the TDR technique the observable parameter is the reflection coefficient p(x1) at the selected point xl on the line which is physically and mathematically related to the characteristic impedance of the line at the selected point.
The empty coaxial line.
With the dimensions of the coaxial line and the electric permeability of free space being known the capacitance of the empty cell Ce (Cc being defined as Ce when the line is empty) and its empty characteristic impedance Zoe can be calculated. The coaxial dimensions in inches are the OD of the inner conductor ai = 0.081, the ID of the outer conductor bi = 0.276 (which is the outer conductor of a 50 Ohm, 7 mm, precision coaxial line), and the length of the empty cell xi = 11.469. Refer to appendix A2 for the calculations; the results are Ce =13.20 pF and Zoe = 73.56 Ohms. The TDR waveforms for ports F1 and F2 of the empty structure are shown in Figs. 4.2-1 and 4.2-2.
4.3. The coaxial line filled with pure n-heptane and then with pure 2-heptanone.
If the coaxial line is filled with a liquid and the same measurement setup is used, the only capacitance element which will change will be Cc which we then designate as Cf. The relative dielectric constant of the liquid is then given by the ratio Cf/Ce. Furthermore, a TDR measurement of the characteristic impedance of the filled cell Zof also enables one to compute the relative dielectric constant of the liquid. Because the coaxial cell was used to measure the dielectric constant of two different liquids, the cell had to be successively filled and emptied after the prior liquid had been evacuated in order to flush out the cell and establish a pure liquid state for measurement. Successive fillings and measurements were made until the measured value of the dielectric stabilized. Before starting the n-heptane measurements, numerous flushing operations were performed. The actual n-heptane measurements were performed with two fill cycles.
Time permitted only 4 fill cycles with 2-heptanone; note that for 2-heptanone Er is for the most part increasing with fill number. The process does not always increase Er because various nooks and crannies of the expansion bellows and piping release prior liquid in an unpredictable manner. Also, for a given fill the measured value can change with time as trapped prior liquid works its way into the coaxial cell and mixes with the liquid in the cell (by Brownian molecular motion). Note the changes between the Fill-4 and Fill-4A in the data for 2-heptanone. Listed below are the tabulated measurement data for the two liquids. ** Twenty five days later the filling was completed using the more of the same fill-lot held in the fill beaker attached to the filling station (thus being sealed within the filling system).
Figs. 4.4-1 and 4.4-2 are the TDR wave forms for Fill-2 n-Heptane TDR-2, and Fill-4A 2-heptanone TDR-8. Also, for Fi11-4A 2-Heptanone the insertion time domain transmission waveform is shown in Fig. 4.4 
The effect.wil1 decrease for large enough TDR time windows or fast enough transient processes. However, time windows are dependent upon our ability to terminate the sample cell in its characteristic impedance which is not a simple resistor or a lumped network due to distributed losses in the metal walls and in the dielectric sample. The measured value of the static relative dielectric constant for n-heptane was found to be 1.923 (the average value of Cap-1, Cap-2, TDR-2).This is in agreement with the published value of 1.924 (American Institute of Physics Handbook, McGraw Hill, 1957, p.
5-139.).
An estimated value for the static relative dielectric constant for 2-heptanone given by the measurement Cap-6 is 11.735. In the handbook cited previously for n-heptane the static Er for 4-heptanone is given as 12.5. Both 2 and 4-heptanone have the same molecular weight but their structures are different. Both of them contain the following number of atoms: 7 carbon, 14 hydrogen, and one oxygen. From the Handbook of Physics and Chemistry their formulae are 2-heptanone CH3CO (CH2) 4CH3 4-heptanone C3H7COC3H7
Their different structures will have different dipole moments which will make Cr different, but not too different. Consequently, the value 11.735 is probably a very reasoable estimate of the exact value for (the purity of) this sample. The next phase should consist of the following work:
(1). Measure the temperature dependence of the static dielectric constant for 2-heptanone.
(2). Experimentally determine the solution concentrations and their quasi-static dielectric constants which will provide insertion step responses in the range 15 to 200 ps.
(3). Provide the Debye model for the solutions in (2) above.
(4). After P14 selects the solution that has the desired insertion transmission step response (namely, transition duration), complete the construction of the coaxial filter making the quasi-static characteristic impedance equal to 50 ohms. This is a data reduction program which calculates the relative dielectric constant Q r of a coaxial dielectric sample in a coaxial cell from measured values of the following capacitances: (1) the measurement system residual capacitance, Cr, (2) the calculated capacitance of the empty cell, Ce, (3) the total measured capacitance of the empty cell and the cell end supports Cs, Cte = Ce + Cs + Cr, and (4) the total measured capacitance of the filled cell, Cf, and the end supports, Ctf = Cf + Cs + Cr, Fig. A2-1. 1. Measured Empty Capacitances. (Note: The full measurement system capacitance Crf can be different from the above empty measurement system capacitance Cre if the measurement system must be changed to make the full measurements.) , in.
xi := 11.469 , in. 
